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SELENOGRAPHIC -MNEIy VELOCITY TRANSFORMATION F O M L A T I O N  

By Paul F. Flanagan 

SUMMARY 

This document presents the formulation and implementation procedures 
f o r  use i n  the  RI'CC for  transforming velocity vectors from the seleno- 
graphic coordinate system t o  the mean nearest  Besselian year (MNBY) 
system. The formulation includes equations f o r  computing the  lunar 
angular velocity vector. 

INTRODUCTION 

The selenocentric MNBY system is moon centered end has i t s  axes 
p a r a l l e l  t o  the following: the X-axis is i n  the  mean ea r th  equator ia l  
plane and through the mean vernal equinox a t  the beginning of the nearest  
Besselian year; the Z-axis is  north through the mean ear th  spin axis ;  
and the Y-axis i s  on the  mean ear th  equator ia l  plane and forms a right- 
handed orthogonal system. 

The moon fixed selenographic system i s  defined as follows. The 
X-axis is  fixed i n  the moon's equator ia l  plane and points approximately 
toward the  center of the  earth;  the Z-axis is fixed i n  the moon through 
the  moon spin axis ;  and the Y-axis is i n  the equator ia l  plane and com- 
pletes  t he  right-handed orthogonal system. 

The interpolated precession-libration matrix (L) used t o  transform 
the velocity is  also used t o  transform posit ion vectors. 
posit ion vector i n  the selenocentric MNBY system and R is a posit ion 
vector i n  the  selenographic system, then 

If % is  a 

G 

and 
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VELOCITY VECTOR TRANSFORMATION 

u 

b '  

The i n e r t i a l  MNBY veloci ty ,  4, of a vehicle with a f ixed se l e -  
nographic posi t ion,  RG, i s  computed using the following equation 

$ = LT(W x RG) 

where 
system. 

W' i s  the moon's angular veloci ty  expressed i n  the selenographic 

The following general equations can be used t o  compute the  i n e r t i a l  
ve loc i ty  f o r  a vehicle moving r e l a t ive  t o  the selenographic system a t  
ve loc i ty  o r  fo r  the reverse computation. G . T .  % = L (RG + W X RG) 

. ~ 

COMPUTATION OF W 

!The following equations a re  used t o  compute the angular veloci ty  
vector, W. These equations account f o r  the  r a t e  of change of a, the  
longitude of the mean ascending node of t he  lunar o r b i t  measured i n  the 
e c l i p t i c  plane from the  mean equinox of date ,  and M, t he  geocentric mean 
longitude of the moon measured i n  the e c l i p t i c  plane from the mean equinox 
of da te  t o  the mean ascending node of the  lunar  o rb i t ,  and then along the 
o r b i t  . 

The computations neglect t he  small e f f e c t  of the r a t e s  of precession, 
obl iqui ty  of the e c l i p t i c ,  and physical l i b ra t ion .  
of the  lunar o rb i t  t o  the e c l i p t i c  is constant and is 1 32'39'' ( re f .  1). 

Theoinclination ( i )  

Prelaunch h i t i a l i z a t i o n :  

1. Input year of launch, YOL, and day of launch, DOL. 

2. Compute Ju l ian  centuries from January 0.5, 1900 t o  midnight 
p r io r  t o  launch: 

TIL = i n t e g r a l  part [(YOL - 1901)/4] 
TB = (YOL - 1900)365 + TIL + DOL 

. . 
3. Compute t i m e  r a t e s  of angles, Q and M i n  rad/hr: 
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h = [-1934.1420083 + 0.004155556~~ + (0.6666667 x 1 0 - 5 ) d ] R A ~  

= c48l267.8831417 - 0.002266667~~ + (0.5666667 x 1 0 ' 5 ) ~ 1 ~ ~  

where RATE = n/(180 36525 24) = 1.9110212776572292 x and converts 

and from deg/Julian century t o  rad/hr. 

4. Compute constant terms: . 
K l =  n c o s  i 

K2 = n s i n  i 
. 

5. Compute Wz i n  rad/hr: 

e .  

W = M - n + a  Z 

Computation of Wx and W a t  any time t during mission: Y 

1. 

2. 

Input hours from midnight pr ior  launch, H. 

Compute Ju l i an  centuries from January 0.5, 1900 t o  anytime t: 

T = (TB + H/24)/36525 

3. Compute M - n i n  deg: 

M - tl = U.2508889 + 483202.G2515T 

- 0.003211UT 2 - (0.0333333 X 10 -5 )T 3 

4. Compute Wx and W i n  rad/hr: Y 

Wx = K 2  s in  (M - (2) 

= K 2  COS (M - n) wY 
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